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MATERIALS DIVISION
RESEARCH AND TECHNOLOGY ACCOMPLISHMENTS FOR FY 89
AND PLANS FOR FY 90

SUMMARY

The research program of the Materials Division is presented as FY 89
accomplishments and FY 90 plans. The accomplishments for each Branci are
highlighted and plans are outlined. Publications of the Division are included by
Branch. This material will be useful in program coordination with other government
organizations, universities, and industry in areas of mutual interest.

ORGANIZATION

The Langley Research Center is organized by directorates as shown in figure 1.
Each directorate is organized into divisions and offices. The Materials Division of the
Structures Directorate consists of four branches as shown in figure 2. This figure also
shows the technical areas addressed by each Branch. The Division consists of 66
NASA civil servants and 6 members of the Army Aerostructures Directorate,
USAARTA, Army Aviation Systems Command located at the Langley Research
Center. In addition, about 40 non-personal support contractors work at the Center to
add major support to the in-house research program.

FUNCTIONAL STATEMENT

The Materials Division initiates, organizes, and conducts experimental and
analytical research on structural materials and their application to aircraft and
spacecraft structural systems (figure 3). More specifically the Division:

- Conducts fundamental and applied research studies to develop novel

polymeric, metallic, and ceramic materials for advanced structural applications.

- Establishes materials processing and fabrication technology for structural
components.

- Demonstrates the application and benefits of advanced materials to specific
flight vehicle structures.

- Defines, evaluates, and conducts research on thermal protection materials
requirements for high-speed aircraft and space transportation systems.

- Studies the fatigue and fracture behavior of materials to establish practical
methods for insuring the structural integrity of aircraft and space structures.

- Characterizes the behavior of structural materials in extreme service
environments using test facilities and laboratories for simulation of the flight
environment.

- Originates and develops requirements for new facilities and research
technigues.

- Operates the mechanics of materials, structural materials, polymer,
metallurgical, and environmental effects laboratories.



The long range research thrusts of the Materials Division are shown in figure 4.
FACILITIES
The Materials Division has five major facilities to support its research program.

The Structures and Materials Laboratory houses various environmental effects labs
and the metallurgical and metals processing labs. In the environmental effects 'aos,
research is conducted to characterize and enhance the performance of structural
materials operating in extreme service environments. Test techniques,
instrumentation, and measurement techniques are developed to simulate
environmental conditions required to evaluate high-temperature structural materials.
The interaction of the space environment on properties of advanced composites,
polymer films, and coatings for space systems is studied. Radiation and monoatomic
oxygen damage in polymeric materials is studied and chemical formulations for
enhanced long-term durability in space are identified.

Fundamental and applied research on advanced metallic and metal-matrix
materials is conducted in the metallurgical and metals processing labs. Innovative
processing methods for new alloy synthesis and development and fabrication of
metallic structural components for future aircraft and space vehicles, including high-
temperature applications, are explored. Metallic components are analyzed and tested
to demonstrate improvements in advanced metallic alloys and their fabrication
processes.

The Mechanics of Materials Laboratory is used to conduct research on the
structural integrity of metals and composites for aircraft structures. Tests are
conducted to measure the effect of loads on materials under simulated flight
conditions. Materials and methods of strength and life prediction for airframes are
assessed to develop ways to improve the structural reliability of aircratft.

Fundamental and applied research using advanced polymer synthesis, composites
and adhesives processing science, and advanced characterization methodology to
develop improved materials concepts for efficient aerospace structures are conducted
in the Composites Processing Laboratory. Novel polymeric materials are synthesized
for applications such as matrices for fiber-reinforced composites, adhesives for
bonding lightweight composite and metal structures, and high-performance films for
spacecraft. Innovative processing methods for fabricating composite components for
aircraft and spacecraft structures are developed.

Radiation testing of spacecraft materials is conducted in the Space Environmental
Effects Laboratory. Spacecraft materials tested include polymeric and metal matrix
composites, polymeric films, thermal control coatings, adhesives, solar cells, and laser
mirrors.



In addition, the Carbon-Carbon Research Laboratory was completed in July 1988.
The Materials Division has expanded its research capability in carbon-carbon
materials and this lab houses the processing equipment needed for fabricating carbon-
carbon materials and for applying oxidation-protective coatings.

FY 89 ACCOMPLISHMENTS
Polymeric Materials Branch

The Polymeric Materials Branch (figure 5) conducts fundamental and applied
research studies combining the disciplines of advanced polymer synthesis,
composites and adhesives processing science, and advanced characterization
methodology to develop improved materials concepts for efficient aerospace
structures. These research and development activities are aimed at achieving
maximum structural exploitation of advanced composites and adhesives through
development of balanced mechanical/physical properties with good processability.
The five year plan for this research is shown in figure 6.

The FY 89 accomplishments of the Polymeric Materials Branch are listed below
and are highlighted in figures 7 through 11.

High Performance Polymers
- High Temperature, Low Dielectric Polyimides
- Tensile Film Clips for the Rheovibron
- Polyamic Acid and Polyimide Fibers
- Novel Synthesis of High Performance Heterocyclic Polymers

Composite Processing and Adhesive Bonding
- A Commercially Attractive Thermoplastic Adhesive - Isomer of LaRC-TPI

Mechanics of Materials Branch

The Mechanics of Materials Branch (figure 12) performs research on the integrity
of materials for load-bearing structures of metals and composites. This research
includes fatigue, fracture mechanics, and structural reliability. Equations and
analytical methods are formulated to predict fatigue life and residual strength of
damaged and undamaged materials. Design, construction, operation, and inspection
methods applied to airframes are assessed to develop ways to improve the overall
structural reliability of aircraft and spacecraft. The five year plan of the Branch is
shown in figure 13.

The FY 89 accomplishments of the Mechanics of Materials Branch are listed below
and are highlighted in figures 14 through 24.



Metals and Metal Matrix Composites
- Effect of Fiber/Matrix Interface Strength in the Mechanical Properties of a Silicon
Carbide/Titanium Metal Matrix Composite
- Microstructure/Mechanical Property Relationships for Discontinuous Reinforced
Metal Matrix Composites
- Damage to Pressure Vessels by Proof Testing

Composites

- A Mixed-Mode Delamination Test

- Fatigue Life of Stitched Gr/Ep Laminates

- A Micromechanics Treatment of the Effects of Curvature in the Main Load-
Carrying Layers on Composite Stiffeners

- Analysis Predicts Onset of Instability-Related Delamination Growth

- Strain Energy Release Rate Analysis of Delamination in a Tapered Laminate
Subjected to Tension Load

- Water Intrusion in Thin-Skinned Composite Honeycomb Sandwich Structures

Space Shuttle

- Evaluation of the Resiliency Characteristics of Several Candidate Solid Rocket
Booster Elastomeric O-Ring Materials

- Evaluation of O-Ring Gland Surface Finish, Contaminants, and Grease
Blockage on the Sealing Performance of the O-Rings During Simulated Space
Shuttle Launch Conditions

Applied Materials Branch

The Applied Materials Branch (figure 25) conducts research to characterize and
enhance the performance of structural materials operating in extreme service
environments. The Branch identifies mechanisms of environmental degradation and
failure in structural materials, provides quantitative understanding of degradation
mechanisms and evolves models to predict the rate or extent of degradation for
various advanced structural materials. Theoretical and experimental studies which
relate to the environmental performance of high-temperature materials for thermal
protection systems and hot structures of advanced space transportation systems and
hypersonic vehicles are conducted. The interaction of the space environment on
properties of advanced composites, polymer films, and coatings of interest for space
systems is studied. The five year research plan for the Branch is shown in figure 26.

The FY 89 accomplishments of the Applied Materials Branch are listed below and
are highlighted in figures 27 through 32.

Space Materials
- Total Absorbed Dose and Dose Rate Effects for Electron Irradiation of Advanced

Thermoplastics



Carbon-Carbon Composites
- An Investigation of Fiber Surface Treatment as a Means of Improving
Interlaminar Strengths of Carbon-Carbon Composites
- Effect of Surface Machining on Thin 3-D Orthogonal Carbon-Carbon
Composites
- Evaluations of Oxidation Resistant Carbon-Carbon Composites in Simulated
Hypersonic Vehicle Environments

Composite Materials for Rotorcraft and Aircraft Structures
- Residual Strength of Repaired Graphite/Epoxy Laminates After 5 Years of
Outdoor Exposure
- Improved Cure Profiles for Resin Transfer Molded Carbon-Epoxy Composite

Metallic Materials Branch

The Metallic Materials Branch (figure 33) conducts fundamental and applied
research studies on advanced metallic and metal-matrix materials. The Branch
performs research on advanced high-strength structural alloys and composites to
achieve improved mechanical properties through understanding and control of
microstructural features. A basic understanding of joining and forming processes for
fabricating structural components from advanced metallic materials is developed and
innovative processing methods for new alloy synthesis and development and
fabrication of metallic structural components for future aircraft and space vehicles are
explored. The five year research plan for the Branch is shown in figure 34.

The FY 89 accomplishments for the Metallic Materials Branch are listed below
and are highlighted in figures 35 through 40.

Advanced Light Alloy and MMC Development
- Enhanced Diffusion Bonded Ti3Al-Ti Honeycomb Core Sandwich Panels
- Durability of Graphite/Epoxy Bolted Joint Specimens Demonstrated After 10-
Year Exposure Program

Innovative Metals Processing
- Superplastic Forming of Advanced Aluminum Structural Concepts Promise
Lighter Weight Structures

High Temperature Thin Gage Metals and MMC for Airframes
- Coatings Improve Performance of Titanium-Aluminides
- High Temperature Aluminum Alloys for Heat Sink Tank Structure
- Development of Titanium Based Metal Matrix Composites for High Temperature
Hypersonic Applications



PUBLICATIONS AND PRESENTATIONS

The FY 89 accomplishments of the Materials Division are highlighted by a number
of publications and presentations. These are listed by organization and are identified
by the categories of formal NASA reports, quick-release technical memorandums,
contractor reports, journal articles and other publications, meeting presentations,
technical talks, special documents, tech briefs, and patents.

DIVISION OFFICE

Formal Reports

1. Peters, L., Jr.; Dominek, A.; Wozniak, S.; Swann, R. T.; and Hodges, W. T.:
NASA LDTM-1048, August 1989.

Quick Release Technical Memorandums

2. Brinkley, K. L.. Materials Division Research and Technology Accomplishments
for FY 87 and Plans for FY 88. NASA TM-101506, December 1988, 136 p.

3. Brinkley, K. L.: Materials Division Research and Technology Accomplishments
for FY 88 and Plans for FY 89. NASA TM-101593, April 1989, 125 p.

4. Tenney, D. R.; Lisagor, W. B.; and Dixon, S. C.: Materials and Structures for
Hypersonic Vehicles. NASA TM-101501, October 1988, 44 p.

Journal Articles and Other Publications

5. Stern, S. A.; Mi, Y.; Yamamoto, H.; and St. Clair, A. K.: Structure/Permeability
Relationships of Polyimide Membranes. Applications to the Separation of
Gas Mixtures. Journal of Polymer Science: Part B: Polymer Physics,
Volume 27, 1989, p. 1887-1909.

6. Tenney, D. R.; and Slemp, W. S.: Radiation Durability of Polymeric Matrix
Composites. In American Chemical Society (A ROSI eries -
iati orials, E. Reichmanis, J. O'Donnell, eds.,

1989, p. 224-251.
Meeting Presentations

7. St. Clair, A. K.; and Stern, S. A.: Structure/Permeability Relationships of
Polyimide Films. Presented at the Mid-Hudson Section of the Society of
Plastic Engineers, Inc., Third International Conference on Polyimides,
November 2-5, 1988, Ellenville, New York. Abstract published in
Polyimides: Synthesis, Characterization and Application, p. 215.
Proceedings pending.



8. Tullos, G. L.; Cassidy, P. E.; and St. Clair, A. K.: Low Dielectric Polymers
Containing the Hexafluoroisopropylidene Group. Presented at the SAMPE
3rd International Electronic Conference, June 20-22, 1989, Los Angeles,
California. In Proceedings, p. 219-223.

9. Tullos, G. L.; Cassidy, P. E.; and St. Clair, A. K.: Polymers Derived From
Hexafluoroacetone: 12F-Poly(Ether Ketone). Presented at the American
Chemical Society Symposium on High Temperature and/or Lad<er
Polymers, April 9-14, 1989, Dallas, Texas. In Polymeric Materials: Science
and Engineering Proceedings, Volume 60, p. 310-315.

Technical Talks

10.  Stein, B. A.: Long Duration Exposure Facility - Materials Update. Presented at
the Space Station Program Materials and Processes Working Group
Meeting, July 11-13, 1989, Kennedy Space Center, Florida.

11.  Stein, B. A.: Long Duration Exposure Facility - Materials Special Investigation
Group Technical Plan. Presented at the LDEF Investigator Working Group
Meeting, May 24, 1989, Williamsburg, Virginia.

12.  Stein, B. A.: Materials Research at NASA Langley Research Center. Presented
at the Army Materials Science 6.1 Program Review, May 3-4, 1989,
Research Triangle Park, North Carolina.

13. Stein, B. A.: Materials Research at NASA Langley Research Center.
Presented at the Virginia Commonwealth University Conference on High
Technology Material, January 6, 1989, Richmond, Virginia.

14,  Stein, B. A.: Space Station Materials Technology at NASA Langley Research
Center. Presented at the Space Station Materials and Processes Working
Group Meeting, February 14-16, 1989, Huntsville, Alabama.

Patents

15.  St. Clair, A. K.; Stoakley, D. M.; and Little, B. D.: Tensile Film Clamps and
Mounting Block for the Rheovibron and Autovibron Viscoelastomer. U. S.
Patent 4,864,865. Issued September 12, 1989.
Polymeric Materials Branch
Quick-Release Technical Memorandums

16. Gerber, M. K.; Pratt, J. R.; and St. Clair, T. L.: Isomeric Oxydiphthalic Anhydride
Polyimides. NASA TM-101525, November 1988, 18 p.



17.  Johnston, N. J.; St. Clair, T. L.; Baucom, R. M.; and Towell, T. W.: Polyimide
Matrix Composites: Polyimidesulfone/LARC-TPI (1:1) Blend. NASA TM-
101568, March 1989, 13 p.

18.  Pratt, J. R.; St. Clair, T. L.; Gerber, M. K; and Gautreaux, C. R.: A Study of
Thermal Transitions in a New Semicrystalline Thermoplastic Polyimide.
NASA TM-101526, November 1988, 33 p.

19.  Progar, D. J.; St. Clair, T. L.; and Pratt, J. R.: Thermoplastic Adhesives Based on
a 4,4'-Isophthaloyldiphthalic Anhydride (IDPA). NASA TM-101508,
November 1988, 31 p.

20. Tai, H.: Solution of Multi-Center Molecular Integrals of Slater-Type Orbitals.
NASA TM-101545, January 1989, 34 p.

Contractor Reports

21. Coguill, S. L.; and Adams, D. F.: Mechanical Properties of Several Neat
Polymer Matrix Materials and Unidirectional Carbon Fiber-Reinforced
Composites. (NAG1-277 University of Wyoming.) NASA CR-181805, April
1989, 320 p.

22.  Hou, T-H.; and Huang, J. Y. Z.: Chemoviscosity Modeling for Thermosetting
Resin Systems - IV. (NAS1-18000 Planning Research Corporation.) NASA
CR-181807, March 1989, 50 p.

23.  Hou, T-H.; Hou, G. J. W.; and Sheen, J. S.: On Processing Development for
Fabrication of Fiber Reinforced Composite - Il. (NAS1-18000 Planning
Research Corporation.) NASA CR-181866, July 1989, 54 p.

24. Stern, S. A.; Vaidyanathan, R.; and Pratt, J. R.: Structure/Permeability
Relationships of Silicon-Containing Polyimides. (NAS1-18000 PRC
Systems Services.) NASA CR-4237, June 1989, 32 p.

25. Zimmerman, R. S.; and Adams, D. F.: Mechanical Properties of Neat Polymer
Matrix Materials and Their Unidirectional Carbon Fiber-Reinforced
Composites. (NAG1-277 University of Wyoming.) NASA CR-181631,
December 1988, 213 p.

Journal Articles and Other Publications

26.  Burks, H. D.; St. Clair, T. L.; and Gautreaux, C. R.: Effect of Thermal History on

the Rheological Properties of LARC-TPI. Polyimides: Materials, Chemistry

and Characterization, C. Feger, M. M. Khojasteh, J. E. McGrath, eds.,
Elsevier Science Publishers, 1989, p. 613-624.



27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

Gerber, M. K,; Pratt, J. R and St Clalr T.L.: Isomeric Oxydiphthalic Anhydride
Polytmldes In n r
C. Feger, M. M. Khojasteh, J. E. McGrath, eds., Elsevier Science Pubhshers
1989, p. 487-496.

Hergenrother, P. M.; and Havens, S. J.: Imide Homo and Copolymers
Containing Carbonyl and Ether Connecting Groups. In Pglyimiggs
Materials. Chemistry and Characterization, C. Feger, M. M. Khojasteh. _

McGrath, eds., Elsevier Science Publishers, 1989, p. 453-463.

Hergenrother, P. M.; and Havens, S. J.: Polyimides Containing Carbonyl and

Ether Connecting Groups. 1. Journal of Polymer Science, Part A: Polymer
Chemistry, Volume 27, 1989, p. 1161-1174.

Hinkley, J. A.; Crook, R. A.; and Davis, J. R. J.: Chain Dimensions and Rheology
of Poly(arylene Ethers). High Performance Polymers, Volume 1, No. 1,
1989, p. 61-71.

Hinkley, J. A.; Johnston, N. J.; and O'Brien, T. K.: Interlaminar Fracture
Toughness of Thermoplastic Composites. ASTM STP 1044, Advances in

Thermoplastic Matrix Composite Materials, G. M. Newaz, ed., 1989, p. 251-
263.

Hou, T-H.; Bai, J. M.; and St. Clair, T. L.: Semicrystalline Polyimidesulfone
Powders. In Polyimides: Materials, Chemistry and Characterization, C.
Feger, M. M. Khojasteh, J. E. McGrath, eds., Elsevier Science Publishers,
1989, p. 169-191.

Hou, T-H.; Jensen, B. J.; and Bai, J-M: Linear Viscoelastic Properties of a
Poly(Arylene Ether Ketone) With Various Molecular Weights. High

Performance Polymers, Volume 1, No. 1, 1989, p. 41-59.

Hou, T-H.; and St. Clair, T. L.: Characterization of a Semicrystalline

Polyimidesulfone Powder. SAE 1988 Transactions, Volume 97, No. 2,
September 1989, p. 2.46-2.56.

Howes, J. C.; Loos, A. C.; and Hinkley, J. A.: The Effect of Processing on
Autohesnve Strength Development in Thermoplastic Resins and
Composites. ASTM STP 1044, Advances in Thermoplastic Matrix
Composite Materials, G. M. Newaz, ed., 1989, p. 33-49.

Jensen, B. J.; and Hergenrother, P. M.: Effect of Molecular Weight on
Poly(Arylene Ether Ketone) Properties. High Performance Polymers,
Volume 1, No. 1, 1989, p. 31-40.




37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

Pater, R. H., ed.: New Developments in Polymer Composites for Automotive
Applications, February 1989, 212 p.

Pater, R. H., ed.: Polymer Composites for Automotive Applications, February
1989, 126 p.

Pater, R. H.; and Partos, R. D.: New High Performance Semi-Interpenetrating
Polylmlde Networks and Composites Havmg lmproved ToughnesQ and
Microcracking Resistance - Part 4. In i ial
Characterization, C. Feger, M. M. Khojasteh, J. E. McGrath, eds., Elsevier
Science Publishers, 1989, p. 37-59.

Pratt, J. R.; Blackwell, D. A.; St. Clair, T. L.; and Allphin, N. L.: 4,4' -

Isophthaloyldlphthahc Anhydnde Polyimides. Polymer Engineering and
Science, Volume 29, No. 1, January 1989, p. 63-68.

Pratt, J. R.; St. Clair, T. L.; Gerber, M. K.; and Gautreaux, C. R.: A Study of
Thermal Transitions in a New Semicrystalline, Thermoplastic Polyimide. In

Polyimides: Materials., Chemistry and Characterization, C. Feger, M. M.
Khojasteh, J. E. McGrath, eds., Elsevier Science Publishers, 1989, p. 193-

211.

Progar, D. J.: Evaluation of a Thermoplastic Polyimide (422) for Bonding GR/P!I

Composite. Journal of Adhesion Science and Technology, Volume 2, No. 6,
December 1988, p. 449-461.

Progar, D. J.; and Dezern, J. F.: Initial Evaluation of Novel Polyamide-Imides
and Their Copolymers as Adhesives. rnal of Adh
Technology, Volume 3, No. 4, 1989, p. 305-316.

Progar, D. J.; and St. Clair, T. L.: Flexible Backbone Aromatic Polyimide
Adhesives. The Journal of Adhesion, Volume 30, No. 1-4, 1989, p. 185-198.

Progar, D. L.; St. Clair, T. L.; and Pratt, J. R.: Thermoplastic Adhesives Based on
44" - Isophthaloyldlphthahc Anhydride (IDPA). In Pglyimides: Materials,

Chemistry and Characterization, C. Feger, M. M. Khojasteh, J. E. McGrath,
eds., Elsevier Science Publishers, 1989, p. 151-168.

St. Clair, T. L.; Johnston, N. J.; and Baucom, R. M.: High Performance

Composites Research at NASA-Langley. SAE 1988 Transactions, Volume
97, No. 2, September 1989, p. 2.27-2.45.

St. Clair, T. L.; Pratt, J. R.; Stoakley, D. M.; and Burks, H. D.: Additives for

Polyimides. In EQly|m|de§; Materials, thmismg and _Characterization,
C. Feger, M. M. Khojasteh, J. E. McGrath, eds., Elsevier Science Publishers,
1989, p. 243-250.
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48. Wakelyn, N. T.; and Pratt, J. R.: X-Ray Diffraction of Model Compounds of
Thermoplastlc Polyimides. i
Chemistry, Volume 27, 1989, p. 2833-2836.

49. Young, P. R.; Druy, M. A.; Stevenson, W. A.; Compton, D. A. C.: In Situ
Composite Cure Monitoring Using Infrared Transmitting Optical Fibers.
SAMPE Journal, Volume 25, No. 2, March - April 1989, p. 11-16.

Meeting Presentations

50. Burks, H. D.; St. Clair, T. L.; and Gautreaux, C. R.: Effect of Thermal History on
the Rheological Properties of LARC-TPIl. Presented at the Mid-Hudson
Section of the Society of Plastic Engineers, Inc., Third International
Conference on Polyimides, November 2-5, 1988, Ellenville, New York.
Abstract published in Polyimides: Synthesis, Characterization and
Application, p. 127. Proceedings pending.

51. Connell, J. W.: Polymeric Materials for Space Applications. Presented at the
48th Annual Meeting of the Virginia Academy of Sciences, May 23-26, 1989,
Richmond, Virginia. Proceedings pending.

52. Connell, J. W.; and Hergenrother, P. M.: Interpenetrating Polymer Networks
From Acetylene Terminated Materials. Presented at the SAMPE 21st
International Technical Conference, September 26-28, 1989, Atlantic City,
New Jersey. In International Technical Conference Series, Volume 81,
p. 1029.

53. Connell, J. W.; and Hergenrother, P. M.: Synthesis of Polyimidazoles Via
Aromatic Nucleophilic Displacement. Presented at the American Chemical
Society Symposium on High Temperature and/or Ladder Polymers, April 9-
14, 1989, Dallas, Texas. In Polymeric Materials: Science and Engineering
Proceedings, Volume 60, p. 527-531.

54. Gerber, M. K,; Pratt, J. R.; and St. Clair, T. L.: Isomeric Oxydiphthalic Anhydride
Polyimides. Presented at the Mid-Hudson Section of the Society of Plastic
Engineers, Inc., Third International Conference on Polyimides, November 2-
5, 1988, Ellenville, New York. Abstract published in Polyimides: Synthesis,
Characterization and Application, p. 101. Proceedings pending.

55. Hergenrother, P. M.; Beltz, M. W.; and Havens, S. J.: LaRC-CPI, A New Semi-
Crystalline Polyimide. Presented at the SAMPE 34th International
Symposium and Exhibition, May 8-11, 1989, Reno, Nevada. In Science of
Advanced Materials and Process Engineering Series, Volume 34, Book 1,
p. 963-975.

11



56.

57.

58.

59.

60.

61.

62.

Hergenrother, P. M.; and Havens, S. J.: Imide Homo and Copolymers
Containing Carbonyl and Ether Connecting Groups. Presented at the Mid-
Hudson Section of the Society of Plastic Engineers, Inc., Third International
Conference on Polyimides, November 2-5, 1988, Ellenville, New York.
Abstract published in Polyimides: Synthesis, Characterization and
Application, p. 159. Proceedings pending.

Hou, T-H.; Bai, J-M.; and St. Clair, T. L.: Semicrystalline Polyimidesuliz:ie
Powders. Presented at the Mid-Hudson Section of the Society of Plastic
Engineers, Inc., Third International Conference on Polyimides, November 2-
5, 1988, Ellenville, New York. Abstract in Proceedings, p.44.

Jensen, B. J.; Hergenrother, P. M.; and Bass, R. G.: Imide/Arylene Ether
Copolymers. Presented at the American Chemical Society Division of
Polymer Chemistry International Symposium on Multiphase Macromolecular
Systems, November 19-23, 1988, San Diego, California. Abstract published
in Proceedings.

Jensen, B. J.; Hergenrother, P. M.; and Bass, R. G.: Imide/Arylene Ether
Copolymers. Presented at the American Chemical Society Symposium on
High Temperature and/or Ladder Polymers, April 9-14, 1989, Dallas, Texas.
In Polymeric Materials: Science and Engineering Proceedings, Volume 60,
p. 294-299.

Jensen, B. J.; Hergenrother, P. M.; and Bass, R. G.: Imide/Arylene Ether
Copolymers Il. Presented at the 198th National Meeting of the American
Chemical Society, September 10-15, 1989, Miami, Florida. Published in
Polymer Preprints, Volume 30, No. 2, 1989, p. 132.

Johnston, N. J.; St. Clair, T. L.; Baucom, R. M.; and Towell, T. W.: Polyimide
Matrix Composites: Polyimidesulfone/LARC-TPI (1:1) Blend. Presented at
the SAMPE International Symposium and Exhibition, May 8-11, 1989, Reno,
Nevada. In Science of Advanced Materials and Process Engineering,
Volume 34, Book 1, p. 976-987.

Pater, R. H.: Interpenetrating Polymer Network Approach to Tough and
Microcracking Resistant High Temperature Polymers - 3. LaRC-RP71.
Presented at the 47th Annual Technical Conference and Exhibition of the
Society of Plastics Engineers, May 1-4, 1989, New York, New York. In
Proceedings, p. 1434-1439.
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63.

64.

65.

66.

67.

68.

69.

Pater, R. H.: New High Performance Semi-Interpenetrating Polyimide Networks
and Composites Have Improved Toughness and Microcracking Resistance.
Presented at the Mid-Hudson Section of the Society of Plastic Engineers,
Inc., Third International Conference on Polyimides, November 2-5, 1988,
Ellenville, New York. Abstract published in Polyimides: Synthesis,
Characterization and Application, p. 247. Proceedings pending.

Pater, R. H.: New Tough High Performance Addition-Type Thermoplastic (A7T)
Polyimides: Concept and Demonstration of a New General Synthesis.
Presented at the High Temple Workshop IX, January 30 - February 2, 1989,
Pasadena, California. Extended abstract in Proceedings, p. 1-20.

Pratt, J. R.; Gerber, M. K.; and St. Clair, T. L.: A Structure-Property Study of
Polyimides Derived From Sulfonyldiphthalic Anhydride. Presented at the
American Chemical Society Symposium on High Temperature and/or
Ladder Polymers, April 9-14, 1989, Dallas, Texas. In Polymeric Materials:
Science and Engineering Proceedings, Volume 60, p. 192-196.

Pratt, J. R.; St. Clair, T. L.; Gerber, M. K.; and Gautreaux, C. R.: A Study of
Thermal Transitions in a New Semicrystalline, Multiphasic Thermoplastic
Polyimide. Presented at the Mid-Hudson Section of the Society of Plastic
Engineers, Inc., Third International Conference on Polyimides, November 2-
5, 1988, Ellenville, New York. Abstract published in Polyimides: Synthesis,
Characterization and Application, p. 223. Proceedings pending.

Progar, D. J.; St. Clair, T. L.; Burks, H. D.; Gautreaux, C. R.; Yamaguchi, A.; and
Ohta, M.: LARC-TPI 1500 Series Controlled Molecular Weight Polyimide.
Presented at the 21st International SAMPE Technical Conference,
September 26-28, 1989, Atlantic City, New Jersey. In Advanced Materials:
The Big Payoff, Volume 21, p. 544-557.

Progar, D. J.; St. Clair, T. L.; and Pratt, J. R.: Thermoplastic Adhesives and
Adhesive Blends Based on 4,4'-Isophthaloyldiphthalic Anhydride (IDPA).
Presented at the Mid-Hudson Section of the Society of Plastic Engineers,
Inc., Third International Conference on Polyimides, November 2-5, 1988,
Ellenville, New York. Abstract published in Polyimides: Synthesis,
Characterization and Application, p. 142. Proceedings pending.

St. Clair, T. L.; Gerber, M. K.; and Gautreaux, C. R.: A Comparison of the
Polyimide Isomers PMDA/ODA and ODPA/p-PDA. Presented at the
American Chemical Society Symposium on High Temperature and/or
Ladder Polymers, April 9-14, 1989, Dallas, Texas. In Polymeric Materials:
Science and Engineering Proceedings, Volume 60, p. 183-186.
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70.

71.

72.

73.

74.

75.

76.

77.

St. Clair, T. L.; Pratt, J. R.; Stoakley, D. M.; and Burks, H. D.: Additives for
Polyimides. Presented at the Mid-Hudson Section of the Society of Plastic
Engineers, Inc., Third International Conference on Polyimides, November 2-
S5, 1988, Ellenville, New York. Abstract published in Polyimides: Synthesis,
Characterization and Application, p. 210. Proceedings pending.

Stenzenberger, H. D.; Romer, W.; Hergenrother, P. M.; and Jensen, B. J.: Tough
Poly(Arylene Ether) Thermoplastics as Modifiers for Bismaleimidzs.
Presented at the Society for the Advancement of Materials and Process
Engineering 34th International SAMPE Symposium and Exhibition, May 8-
11, 1989, Reno, Nevada. In Science of Advanced Materials and Process
Engineering Series, Volume 34, Book 2, p. 2054-2068.

Stoakley, D. M.; St. Clair, A. K.; and Baucom, R. M.: Low Dielectric
Thermoplastic Polyimide Resin. Presented at the SAMPE 3rd International
Electronic Conference, June 20-22, 1989, Los Angeles, California. In
Proceedings, p. 224-234.

Tai, H.: Solution of Multi-Center Molecular Integrals. Presented at the Chinese
Physical Society and Academia Sinica 1st Asia-Pacific Conference on
Atomic and Molecular Physics, November 25-29, 1988, Taipei, Taiwan.

Varughese, B.; Muzzy, J. D.; and Baucom, R. M.: Combining LARC-TPI Powder
With Carbon Fiber by Electrostatic Fluidized Bed Coating. Presented at the
21st International SAMPE Technical Conference, September 25-28, 1989,
Atlantic City, New Jersey. In Advanced Materials: The Big Payoff, Volume
21, p. 536-543.

Young, P. R.: Characterization of Advanced Polymeric Materials for Aerospace
Applications. Presented at the Royal Australian Chemical Institute 10th
Australian Symposium on Analytical Chemistry, August 28 - September 1,
1989, Brisbane, Australia. Abstract in Proceedings, Abstract No. 359.

Young, P. R.: Matrix Resin Characterization in Carbon Fiber Composite
Materials. Presented at the Royal Australian Chemical Institute 10th
Australian Symposium on Analytical Chemistry, August 28 - September 1,
1989, Brisbane, Australia. Abstract in Proceedings, Abstract No. 46.

Young, P. R.; Davis, J. R. J.; and Chang, A. C.: Molecular Weight
Characterization of Advanced Thermoplastic Resins. Presented at the
Society for the Advancement of Materials and Process Engineering 34th
International SAMPE Symposium and Exhibition, May 8-11, 1989, Reno,
Nevada. In Science of Advanced Material and Process Engineering Series,
Volume 34, Book 2, p. 1450-1464.
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Technical Talks

78.

79.

80.

81.

82.

83.

84.

85.

86.

Connell, J. W.; and Hergenrother, P. M.: Adhesive Properties of Acetylene
Terminated Interpenetrating Polymer Networks. Presented at the 1989
Gordon Research Conference on the Science of Adhesion, August 14-18,
1989, New Hampton, New Hampshire.

Hergenrother, P. M.: High Performance Thermosets from Acetylene-Termirzied
Oligomers. Presented at the Gordon Research Conference on
Thermosetting Polymers, July 3-7, 1989, New London, New Hampshire.

Hergenrother, P. M.: Thermoplastic Resins for High Performance Composites.
Presented at the State University of New York Short Course on Chemistry
and Properties of High Performance Composites, October 26-28, 1988, West
Point, New York.

Hergenrother, P. M.; Jensen, B. J.; Connell, J. W.; Beltz, M. W.; and
Havens, S. J.: High Performance Organic Adhesives. Presented at the
American Chemical Society 63rd Colloid and Surface Science Symposium,
June 18-21, 1989, Seattle, Washington.

Hinkley, J. A.: Carbon Fiber/Thermoplastic Delamination. Presented at the
1989 Gordon Research Conference on the Science of Adhesion, August 14-
18, 1989, New Hampton, New Hampshire.

Johnston, N. J.: High Performance Composites.: Resin Property/Composite
Property Relationships. Presented at the State University of New York Short
Course on Chemistry and Properties of High Performance Composites,
October 26-28, 1988, West Point, New York.

Johnston, N. J.: Introduction to High Performance Composites. Presented at
the State University of New York Short Course on Chemistry and Properties
of High Performance Composites, October 26-28, 1988, West Point, New
York.

Johnston, N. J.: NASA Composites Program Review. Presented at the
University of lllinois Research Initiative Program 2nd Annual NCCMR ONR-
URI Review Meeting, October 17-19, 1988, Urbana, lllinois.

Progar, D. J.; and St. Clair, T. L.: A New Polyimide Adhesive: Oxydiphthalic
Anhydride and 3,4'-Oxydianiline. Presented at the 1989 Gordon Research
Conference on the Science of Adhesion, August 14-18, 1989, New
Hampton, New Hampshire.
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87.

88.

89.

90.

91.

Tech

92.

93.

94,

95.

96.

97.

St. Clair, T. L.: High Performance Composites. Presented at the University of
Florida Advanced Materials Chemistry Conference, October 31 - November
1,1988, St. Augustine, Florida.

St. Clair, T. L.: High Temperature Polymers for Adhesives and Composites.
Presented at the State University of New York Short Course on
Fundamentals of Adhesion, October 26-28, 1988, West Point, New York.

St. Clair, T. L.: Liquid Crystalline Polymers - Technical Goals. Presented at the
Annual Meeting of Liquid Crystalline Polymer Research Center, January 24,
1989, Storrs, Connecticutt.

St. Clair, T. L.; Progar, D. J.; and Hergenrother, P. M.: Novel NASA-Developed
Adhesives. Presented at the Twelfth Annual Meeting of the Adhesion
Society, February 19-22, 1989, Hilton Head, South Carolina.

Young, P. R.: Matrix Resin Cure and Characterization in Composites.
Presented at the University of Queensland Graduate Seminar, August 30,
1989, Brisbane, Australia.

Briefs

Connell, J. W.; and Hergenrother, P. M.: Polyimidazoles via Aromatic
Nucleophilic Displacement. NASA Tech Brief LAR-14145.

Dezern, J. F.: Polyamide-Imides Made From BTDA. NASA Tech Brief LAR-
13942,

Druy, M. A. (Foster-Miller, Inc.); Stevenson, W. A. (IRIS Fiber Optics, Inc.); and
Young, P. R. (Langley Research Center): In Situ FTIR Monitoring of
Composite Cure Cycles Using Fiber Optic Sensor. NASA Tech Brief LAR-

14040.

Hergenrother, P. M. (Langley Research Center); and Connell, J. W.; and Bass,
R. G. (Virginia Commonwealth University): Ethynyl-Terminated
Imidothioethers and Derived Resins. NASA Tech Brief LAR-13910.

Hergenrother, P. M. (Langley Research Center); and Havens, S. J. (Pianning
Research Corporation): Polyimides Containing Carbony! and Ether
Connecting Groups. NASA Tech Brief LAR-14001.

Ottenbrite, R. M. (Virginia Commonwealth University): Preparation of BIS 4-(3,4

Dimethylene-Pyrrolidyl) - Phenyl Methane as a High-Temperature Reactive
Oligomer. NASA Tech Brief LAR-13965.
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98.

99.

100.

101.

102.

Pater, R. H.; Lowther, S.; Cannon, M.; Smith, J.; and Whitley, K: Addition-Type
Thermoplastic Bismaleimides Via Acetylene-Terminated Compounds and
Bismaleimide Reaction. NASA Tech Brief LAR-13958.

Pater, R. H.; Proctor, K. M.; and Gleason, J. (Langley Research Center); and
Morgan, C. (Planning Research Corporation); and Partos, R. (Analytical
Services and Materials, Inc.): Tough, High-Performance, Addition-Type
Thermoplastic Polymers. NASA Tech Brief LAR-10000.

Pater, R. H.; Razon, P.; Smith, R; and Working, D. (Langley Research Center);
and Chang, A.; and Gerber, M. (Planning Research Corporation): LaRC-
RP40: A Tough and Microcracking-Resistant High-Temperature Polymer.
NASA Tech Brief LAR-13925.

St. Clair, T. L.; and Progar, D. J. (Langley Research Center); and Pratt, J. R.
(PRC Kentron, Inc.): LARC-I-TPI: A New Thermoplastic Polyimide. NASA
Tech Brief LAR-14101.

Stoakley, D. M.; St. Clair, A. K.; Emerson, B. R., Jr.; and Proctor, K. M.: Process
for Lowering the Dielectric Constant of Polyimides Using Diamic Acid
Additives. NASA Tech Brief LAR-13902.

Patents

103.

104.

105.

106.

107.

Hergenrother, P. M.; Havens, S. J.; and Harris, F. W.: Polyphenylquinoxalines
Containing Alkyleneoxy Groups. U. S. Patent 4,788,271. Issued November
29, 1988.

Hergenrother, P. M.; Connell, J. W.; and Bass, R. G.: Ethynyl Terminated
Imidothioethers and Resins Therefrom. U. S. Patent 4,861,882. Issued
August 29, 1989.

Hergenrother, P. M.; and Havens, S. J.: Polyimides Containing Carbonyl and
Ether Connecting Groups. U. S. Patent 4,820,791. Issued April 11, 1989.

Ottenbrite, R. M.: BIS 4-(3,4-Dimethylene Pyrrolidyl) Phenyle Methane. U. S.
Patent 4,851,544. Issued July 25, 1989

St. Clair, T. L.; Burks, H. D.; and Progar, D. J.: Copolyimide With a Combination
of Flexibilizing Groups. U. S. Patent 4,837,300. Issued June 6, 1989.
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Mechanics of Materials Branch
Quick-Release Technical Memorandums

108. Lach, C. L.: O-Ring Sealing Verification for the Space Shuttle Redesign Solid

Rocket Motor. NASA TM-101591, April 1989, 117 p.

109.

Testing. NASA TM-101562, March 1989, 58 p.
110.

111. Newman, J. C., Jr.; and Dawicke, D. S.: Prediction of Fatigue-Crack Growth in a
High-Strength Aluminum Alloy Under Variable-Amplitude Loading. NASA
TM-101544, February 1989, 18 p.

112. O'Brien, T. K.; Rigamonti, M.; and Zanotti, C.: Tension Fatigue Analysis and Life
Prediction for Composite Laminates. NASA TM-100549, AVSCOM TM 88-B-

015, October 1988, 54 p.
113.

Phillips, E. P.: Results of the Round Robin on Opening-Load Measurement

Conducted by ASTM Task Group E24.04.04 on Crack Closure Measurement
and Analysis. NASA TM-101601, May 1989, 38 p.

114.

Sharpe, W. N.: An Interferometric Strain/Displacement Measurement System.
NASA TM-101638, August 1989, 67 p.

115. Tan, P. W.; Raju, I. S.; Shivakumar, K. N.; and Newman, J. C., Jr.

A Re-
Evaluation of Finite-Element Models and Stress-Intensity Factors for Surface
Cracks Emanating From Stress Concentrations. NASA TM-101527,
November 1988, 31 p.

Contractor Reports

116. Portanova, M. A.: Fracture Characteristics of Balloon Films. (NAS1-18000 PRC
Systems Services.) NASA CR-181686, January 1989, 35 p.

117. Portanova, M. A.: Strengths of Balloon Films With Flaws and Repairs. (NAS1-
18000 Planning Research Corporation.) NASA CR-181872, August 1989,
28 p.

118. Raju, I. S.:

Crack-Face Displacements for Embedded Elliptic and Semi-

Elliptical Surface Cracks. (NAS1-18599 Analytical Services and Materials,
Inc.) NASA CR-181822, May 1989, 30 p.

18

Martin, R. H.: Evaluation of the Split Cantilever Beam for Mode Ill Delamination

Naik, R. A.; and Crews, J. H., Jr.: Stress Analysis Method for Clearance-Fit
Joints With Bearing-Bypass Loads. NASA TM-100551, January 1989, 31 p.
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119. Raju, I. S.; and Shivakumar, K. N.: Implementation of Equivalent Domain
Integral Method in the Two-Dimensional Analysis of Mixed Mode Problems.
(NAS1-18599 Analytical Services and Materials, Inc.) NASA CR-181813,
April 1989, 55 p.

120. Shivakumar, K. N.;: and Raju, I. S.: Treatment of Singularities in Cracked
Bodies. (NAS1-18599 Analytical Services and Materials, Inc.) NASA CR-
181840, May 1989, 44 p.

Journal Articles and Other Publications

121. Bigelow, C. A.: Analysis of Notched Metal Matrix Composites Under Tensile
Loading. ASTM STP 1032, ri i Testing, Anal
Eailure Modes, W. S. Johnson, ed 1989 p. 130 147

122. Bigelow, C. A.: Effects of Fatigue and Environment on Residual Strengths of
Center-Cracked Graphite/Epoxy Buffer Strip Panels. Experimental
Mechanics, Volume 29, No. 1, March 1989, p. 90-94.

123. Harmon, D. M.; Saff, C. R.; and Johnson, W. S.: Damage Initiation and Growth
in Fiber Reinforced Metal Matrix Composites. Journal of Metals, Volume 40,
November 1988, p. 58-63.

124. Harris, C. E.: Damage Evaluation by Laminate Deply. In SEM Manual on
Experimental Methods for Mechanical Testing of Composites, Richard L.
Pendleton and Mark E. Tuttle, editors, 1989, p. 147-149.

125. Johnson, W. S., ed.: Metal Matrix Composites: Testing, Analysis and Failure
Modes. ASTM STP 1032, 1989, 289 p.

126. Johnson, W. S.: Fatigue Testing and Damage Development in Continuous
Fiber Reinforced Metal Matrix Composites. ASTM STP 1032, Metal Matrix

Composites: Testing, Analysis and Failure Modes, W. S. Johnson, ed.,
1089, p. 194-221.

127. Johnson, W. S.: Mechanisms Controlling Fatigue Damage Development in
Continuous Fiber Reinforced Metal Matrix Composites. In Advances in

Eracture Besearch, Volume 2, March 1989, p. 897-905.

128. Johnson, W. S.: Screening of Metal Matrix Composite Laminates Using

Ultrasonic C-Scans. jJournal ot Composites Technology and Research,
Volume 11, No. 1, Spring 1989, p. 31-34.
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129.

130.

131.

132.

133.

134.

135.

136.

137.

138.

Johnson, W. S.; and Bigelow, C. A.: Elastic-Plastic Stress Concentrations
Around Crack Like Notches in Continuous Fiber Reinforced Metal Matrix
Composites. ASTM STP 1003, Test Methods for Design Allowables for
Fibrous Composites, Volume 2, 1989, p. 261-275.

Newman, J. C., Jr.; and Edwards, P. R.: Short-Crack Growth Behaviour in an
Aluminum Alloy - An AGARD Cooperative Test Programme. AGARD Report
No. R-732, December 1988, 105 p.

O'Brien, T. K.; Murri, G. B.; and Salpekar, S. A.: Interlaminar Shear Fracture
Toughness and Fatigue Thresholds for Composite Materials. ASTM STP

1012, Composite Materials: Fatigue and Fracture, P. A. Lagace, ed., Volume
2, 1989, p. 222-250.

Phillips, E. P.; and Newman, J. C., Jr.: Impact of Small-Crack Effects on Design-
Life Calculations. Experimental Mechanics, Volume 29, June 1989, p. 221-
225.

Poe, C. C., Jr.: A Parametric Study of Fracture Toughness of Fibrous Composite

Materials. ASME Journal of Offshore Mechanics and Aric Engineering,
Volume 111, August 1989, p. 161-169.

Poe, C. C., Jr.: Strain Intensity Factor Approach for Predicting the Strength of
Contmuously Reinforced Metal Matrix Composites. ASTM STP 1032, Metal

Matrix Composites: Testing. Analysis and Failure Modes, W. S. Johnson,
ed., 1989, p. 173-193.

Poe, C. C., Jr.; and llig, W.: Strength of a Thick Graphite/Epoxy Rocket Motor

Case After Impact by a Blunt Object. ASTM STP 1003, Test Methods for
Design Allowables for Fibrous Composite Materials, C. C. Chamis, ed.,

Volume 2, 1989, p. 150-179.

Raju, I. S.; Atluri, S. N.; and Newman, J. C., Jr.. Stress-Intensity Factors for
Small Surface and Corner Cracks in Plates ASTM STP 1020, Eracture

Mechanics: Perspectives and Directions, R. P. Wei, R. P. Gangloff, eds.,
1989, p. 297-316.

Shivakumar, K. N.; and Newman, J. C., Jr.: Ncmerical Fracture Simulation of

Bend Specimens Using a CTOD Criterion. Engineering Fracture
Mechanics, Volume 32, No. 2, 1989, p. 203-210.

Tan, P. W.; and Bigelow, C. A.: An Improved Boundary Force Method for

Analyzing Cracked Anisotropic Materials. Engineering Fracture Mechanics,
Volume 43, No. 2, 1989, p. 347-357.
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139. Whitcomb, J. D.: Predicted and Observed Effects of Stacking Sequence and
Delamination Size on Instability Related Delamination Growth. Journal of

Composites Technology & Research, Volume 11, No. 3, Fall 1989, p. 94-98.

140. Whitcomb, J. D.: Three-Dimensional Analysis of a Postbuckled Embedded

Delamination. Journal of Composite Materials, Volume 23, No. 9,
September 1989, p. 862-889.

141. Whitcomb, J. D.; and Shivakumar, K. N.: Strain-Energy Release Rate Analysis

of Plates With Postbuckled Delaminations. Journal of Composite Materials,
Volume 23, No. 7, July 1989, p. 714-733.

Meeting Presentations

142. Bigelow, C. A.; Johnson, W. S,; and Naik, R. A.: A Comparison of Various
Mlcromechamcs Models for Metal Matrix Composites. Presented at the
Third Joint ASCE/ASME Mechanics Conference, July 9-12, 1989, San
Diego, California. In Proceedings, p. 21-31.

143. Crews, J. H., Jr.; and Naik, R. A.: Bearing-Bypass Loading on Composite Joints:
Testing and Stress Analysis. Presented at the Society of Experimental
Mechanics 1989 Spring Conference on Experimental Mechanics, May 28 -
June 2, 1989, Cambridge, Massachusetts. In Proceedings, p. 734-742.

144. Crews, J. H., Jr., Shivakumar, K. N.; and Raju, I. S.: Effects of Anticlastic
Curvature on G Distributions for DCB Specimens. Presented at the AlAA,
ASME, et al., 30th Structures, Structural Dynamics and Materials
Conference, April 3-5, 1989, Mobile, Alabama. AIAA Paper No. 83-1300-
CP.

145. Jackson, W. C.; and O'Brien, T. K.: Water Intrusion in Thin-Skinned Composite
Honeycomb Sandwich Structures. Presented at the American Helicopter
Society National Technical Specialists' Meeting on Advanced Rotorcraft
Structures, October 25-27, 1988, Williamsburg, Virginia. In Proceedings.

146. Johnson, W. S.: Analysis of Metal Matrix Composite Behavior. Presented at the
NASP MMC Mechanical Behavior Modeling Workshop, November 17-18,
1988, Orlando, Florida. In MMC Mechanical Behavior Modeling Workshop
Proceedings, p. 20-68.

147. Johnson, W. S.: Fatigue and Fracture of Metal Matrix Composites. Presented at

the 8th Metal Matrix Composite Technology Conference, June 19-23, 1989,
Monterey, California. Proceedings pending.
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148.

149.

150.

151.

152.

153.

154.

156.

Johnson, W. S.: Mechanics of Metal Matrix Composites: A Program Review.
Presented at the Department of the Air Force Thirteenth Annual Mechanics
of Composites Review, November 2-3, 1988, Bal Harbour, Florida. In
Mechanics of Composites Review, p. 85-92,

Johnson, W. S.; Bigelow, C. A.; and Naik, R. A.: A Comparison of Various
Micromechanics Models for Metal Matrix Composites. Presented at the
AIAA/ASME, et al., 25th Joint Propulsion Conference and Exhibit - "Thrust for
the 21st Century,” July 10-14, 1989, Monterey, California.

Johnson, W. S.; Lubowinski, S. J.; and Highsmith, A. L.: Characterization of the
Static and Fatigue Behavior of SCSe/Ti-15-3 Composites at Room
Temperature. Presented at the ASTM Symposium on Thermal and
Mechanical Behavior of Ceramic and Metal Matrix Composites, November 7-
9, 1988, Atlanta, Georgia. Proceedings pending.

Lach, C. L.: Evaluation of the Resiliency Characteristics of Several Candidate
Solid Rocket Booster O-Ring Materials. Presented at the AIAA, ASME, et al.,
30th Structures, Structural Dynamics and Materials Conference, April 3-5,
1989, Mobile, Alabama. AIAA Paper No. 89-1353-CP.

Naik, R. A.; and Crews, J. H., Jr.: Stress Analysis Method for Clearance-Fit
Joints With Bearing-Bypass Loads. Presented at the AIAA, ASME, et al.,
30th Structures, Structural Dynamics and Materials Conference, April 3-5,
1989, Mobile, Alabama. AIAA Paper No. 89-1230-CP.

Naik, R. A.; Johnson, W. S.; and Pollock, W. D.: Effect of High Temperature
Cycle on the Mechanical Properties of Silicon Carbide/Titanium Metal Matrix
Composites. Presented at the American Society for Composites
Symposium on High Temperature Composites, June 13-15, 1989, Dayton,
Ohio. In Proceedings, p. 94-103.

Newman, J. C., Jr.; and Dawicke, D. S.: Prediction of Fatigue Crack Growth in a
High-Strength Aluminum Alloy Under Variable-Amplitude Loading.
Presented at the Seventh International Conference on Fracture, March 20-
24, 1989, Houston, Texas. Proceedings pending.

Reeder, J. R.; and Crews, J. H., Jr.. The Mixed-Mode Bending Method for
Delamination Testing. Presented at the AIAA, ASME, et al., 30th Structures,
Structural Dynamics and Materials Conference, April 3-5, 1989, Mobile,
Alabama. AIAA Paper No. 89-1347-CP.
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156. Salpekar, S. A.; Raju, I. S.; and O'Brien, T. K.: Strain Energy Release Rate
Analysis of Delamination in a Tapered Laminate Subjected to Tension Load.
Presented at the Department of the Air Force Thirteenth Annual Mechanics
of Composites Review, November 2-3, 1988, Bal Harbour, Florida. In
Mechanics of Composites Review, p. 120-125.

157. Shivakumar, K. N.; and Newman, J. C., Jr.: Three-Dimensional Finite-Element
Fracture Simulation of CS-19 Aluminum Alloy Compact Specimens.
Presented at the Seventh International Conference on Fracture, March 20-
24, 1989, Houston, Texas.

158. Swain, M. H.; Everett, R. A., Jr., Newman, J. C., Jr.; and Phillips, E. P.: The
Growth of Small Cracks in 4340 Steel. Presented at the American
Helicopter Society National Technical Specialists’ Meeting on Advanced
Rotorcraft Structures, October 25-27, 1988, Williamsburg, Virginia. In
Proceedings.

159. Tan, P. W.; Raju, I. S.; and Newman, J. C., Jr.: The Boundary Force Method - An
Efficient Numerical Technique for Analyzing Structural Configurations.
Presented at the Eleventh International Conference on Boundary Element
Methods in Engineering, August 29-31, 1989, Cambridge, Massachusetts.

160. Whitcomb, J. D.: Comparison of Full 3-D, Thin-Film Plate Analyses of a
Postbuckled Embedded Delamination. Presented at the Carleton University
CANCAM '89 Twelfth Canadian Congress of Applied Mechanics, May 28 -
June 2, 1989, Ottawa, Canada. In Proceedings, Volume 1, p. 144-145.

Technical Talks

161. Allen, D. H.; Nottorf, E. W.; and Harris, C. E.: Effect of Microstructural Damage
on Ply Stresses in Laminated Composites. Presented at the American
Society of Mechanical Engineers 1988 ASME Winter Annual Meeting on
Fundamentals of Heat Transfer in Forced Convection, November 28 -
December 2, 1988, Chicago, lllinois.

162. Crews, J. H., Jr.. A Review of NASA Langley Research on Bearing-Bypass
Loading. Presented at the Technical Cooperation Program (TTCP)
Workshop on Mechanical Joints in Composites, July 13-14, 1989, La Jolla,
California.

163. Johnson, W. S.: Fatigue and Fracture (4.1.3.5). Presented at the NASP

Consortium Review of Tech Mat Titanium Aluminide Composite Programs,
September 26-27, 1989, Thousand Oaks, California.
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164.

165.

166.

167.

168.

169.

170.

Tech

171.

172.

Johnson, W. S.: Mechanisms Controlling Fatigue Damage Development in
Continuous Fiber Reinforced Metal Matrix Composites. Presented at the
Seventh International Conference on Fracture, March 20-24, 1989, Houston,
Texas.

Martin, R. H.: Characterizing Delamination in Composite Materials. Presented
at the University of British Columbia Seminar on Characterizing
Delamination in Composite Materials, October 4, 1988, Vancouver, Canada.

Martin, R. H.; Murri, G. B.; and O'Brien, T. K.: Request for Extending D30-02-
02's Charter to Fatigue Testing. Presented at the ASTM Subcommittee
D30.02 Meeting, November 7-9, 1988, Atlanta, Georgia.

Morris, D. H.; and Harris, C. E.: Application of Fracture Mechanics to Predict the
Strength of Filament-Wound Composite Specimens With Surface Damage.
Presented at the American Society of Mechanical Engineers 1988 ASME
Winter Annual Meeting on Fundamentals of Heat Transfer in Forced
Convection, November 28 - December 2, 1988, Chicago, lllinois.

Newman, J. C., Jr.: Analytical Modeling of Fatigue Crack Growth. Presented at
the University of Paderborn Seminar on Analytical Modeling of Fatigue
Crack Growth, October 6-7, 1988, Paderborn, West Germany.

O'Brien, T. K.: Tension Fatigue Analysis and Life Prediction for Composite
Laminates. Presented at the Army Symposium on Solid Mechanics:
Mechanics of Engineered Materials and Applications, May 16-18, 1989,
Newport, Rhode Island.

Whitcomb, J. D.: Prediction of Delamination Growth, Matrix Cracking and Fiber
Breakage for Compressively Loaded Laminates. Presented at the Third
Joint ASCE/ASME Mechanics Conference, July 9-12, 1989, San Diego,
California.

Briefs

Crews, J. H., Jr. (Langley Research Center); and Naik, R. A. (PRC Kentron, Inc.):
Bearing-Bypass Loading on Bolted Composite Joints. NASA Tech Brief LAR-
14106.

Shivakumar, K. N. (Analytical Services and Materials, Inc.); and Crews, J. H., Jr.

(Langley Research Center): Energy Dissipation Associated With Crack
Extension in an Elastic Material. NASA Tech Brief LAR-14025.
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Applied Materials Branch
Formal Reports

173. Funk, J. G.; and Sykes, G. F., Jr.. The Effects of Simulated Space
Environmental Parameters on Six Commercially Available Composite
Materials. NASA TP-2906, April 1989, 31 p.

174. Long, E. R., Jr.; Long, S. A. T.; Gray, S. L.; and Collins, W. D.: Absorbed Dose
Thresholds and Absorbed Dose Rate Limitations for Studies of Electron
Radiation Effects on Polyetherimides. NASA TP-2928, August 1989, 19 p.

175. Teichman, L. A.; and Stein, B. A. (Compilers): NASA/SDIO Space
Environmental Effects on Materials Workshop. NASA CP-3035, Part 1, May
1989, 373 p.

176. Teichman, L. A.; and Stein, B. A. (Compilers): NASA/SDIO Space
Environmental Effects on Materials Workshop. NASA CP-3035, Part 2, May
1989, 265 p.

Quick-Release Technical Memorandums

177. Baker, D. J.: Five Year Ground Exposure of Composite Materials Used on the
Bell Model 206L Flight Service Evaluation. NASA TM-101645, AVSCOM
TM-89-B-007, July 1989, 92 p.

178. Farley, G. L.; and Jones, R. M.: Energy-Absorption Capability of Composite
Tubes and Beams. NASA TM-101634, AVSCOM TR-89-B-003, September
1989, 247 p.

179. Witte, W. G., Jr.; and Teichman, L. A.: Optical Properties of Sputtered Aluminum
on Graphite/Epoxy Composite Material. NASA TM-101620, August 1989,
24 p.

Contractor Reports

180. Chan, W. S.: An Analytical and Experimental Investigation of Edge
Delamination in Laminates Subjected to Tension, Bending, and Torsion.
(NAS1-18199 Bell Helicopter Textron, Inc.) NASA CR-181824, March 1989,
81 p.

181. Meade, L. E.: Manufacturing Development of Pultruded Composite Panels.

(NAS1-15069 Lockheed Aeronautical Systems Company.) NASA CR-
181780, April 1989, 60 p.
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Journal Articles and Other Presentations

182. Bowles, D. E.; and Tompkins, S. S.: Prediction of Coefficients of Thermal

Expansion for Unidirectional Composites. Journal of Composite Materials,
Volume 23, No. 4, April 1989, p. 370-387.

183. Farley, G. L.: A Method of Predicting the Energy Absorption Capability of

Composite Subfloor Beams. Journal Of the American Helicopter Sociziy
Volume 34, No. 2, April 1989, p. 63-67.

184. Farley, G. L.: Energy-Absorption Capability and Scalability of Square Cross
Section Composite Tube Specimens.
Society, Volume 34, No. 2, April 1989, p. 59-62.

185. Farley, G. L.; Bird, R. K.; and Modlin, J. T.: The Role of Fiber and Matrix in Crash
Energy Absorptlon of Composite Materials. rnal of th merican

Helicopter Society, Volume 34, No. 2, April 1989, p. 52-58.

186. Kingsbury, K. B.; Hawkins, D. S.; Orwoll, R. A.; Kiefer, R. L.; Long, S. A. T.; and
Sykes, G. F., Jr.. Effects of 70-keV Electrons on Two Polyarylene Ether
Ketones. Macromolecules, Volume 22, No. 8, 1989, p. 3486-3491.

187. Long, E. R, Jr.;Long, S. A. T.; Collins, W. D.; Gray, S. L.; and Funk, J. G.: Effects
of Postcuring on Mechanical Properties of Pultruded Fiber-Reinforced Epoxy
Composite and the Neat Resin. SAMPE_Quarterly. Volume 20, No. 3, April
1989, p. 9-16.

188. Maahs, H. G.: Carbon-Carbon Composites: Emerging Materials for Aerospace
Flight. The World & |, June 1989, p. 300-307.

189. Ries, H. R.; Harries, W. L.; Long, S. A. T.; and Long, E. R., Jr.. Mechanism of

Electncal Conductivity in an Irradlated Polyimide. Mﬂhms_am
Chemistry of Solids, Volume 50, No. 7, 1989, p. 735-738.

190. Tompkins, S. S.: Techniques for Measurements of the Thermal Expansion of
Advanced Composite Materials. ASTM STP 1032, Metal Matrix Composites:

Testing, Analysis and Failure Modes, W. S. Johnson, ed., 1989, p. 54-67.

Meeting Presentations

191. Barrett, D. M.; Vaughn, W. L.; Maahs, H. G.; Ohlhorst, C. W.; and Martin, R. H.;
Performance Evaluations of Oxidation-Resistant Carbon-Carbon
Composites in Simulated Hypersonic Vehicle Environments. Presented at
the American Society for Composites Symposium on High Temperature
Composites, June 13-15, 1989, Dayton, Ohio. In Proceedings, p. 282-297.
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192.

193.

194.

195.

196.

197.

198.

199.

Bowles, D. E.; and Griffin, O. H.: Analysis of Thermal Stresses in Polymer Matrix
Composites. Presented at the SAMPE 34th International Symposium and
Exhibition, May 8-11, 1989, Reno, Nevada. In Science of Advanced
Materials and Process Engineering Series, Volume 34, Book 1, p. 575-584.

Derstine, M. S.; Pindera, M. J.; and Bowles, D. E.: Experimental/Analytical
Characterization of Composite Tubes Under Combined Loading. Presented
at the Society of Experimental Mechanics 1989 Spring Conference, May 28-
June 2, 1989, Cambridge, Massachusetts. In Proceedings.

Dow, M. B.; and Smith, D. L.: Damage-Tolerant Composite Materials Produced
by Stitching Carbon Fabrics. Presented at the SAMPE 21st International
Technical Conference, September 25-28, 1989, Atlantic City, New Jersey.
In International Technical Conference Series, Volume 81, p. 595-603.

Freeman, W. T., Jr.; and Palmer, R. J.: Resin Transfer Molding of Composite
Materials. Presented at the American Helicopter Society National Technical
Specialists' Meeting on Advanced Rotorcraft Structures, October 25-27,
1988, Williamsburg, Virginia. In Proceedings.

Long, S. A. T.; Long, E. R, Jr.; Gray, S. L.; Collins, W. D.; and Parks, L. M.:
Effects of Postcuring on Moisture Absorption in Epoxy, Carbon-Epoxy, and
Glgss-Epoxy. Presented at the American Physical Society 1988 Annual
Meeting of the Southeastern Section, November 10-12, 1988, Raleigh,
North Carolina. Abstract published in Bulletin of the American Physical
Society, Volume 33, No. 10, November 1988, p. 2211.

Long, S. A. T.; Long, E. R., Jr.; Parks, L. M.; and Gray, S. L.: Effects of Low
Absorbed Doses of Electron Radiation on Five Thermoplastics. Presented at
the American Physical Society 1988 Annual Meeting of the Southeastern
Section, November 10-12, 1988, Raleigh, North Carolina. Abstract
published in Bulletin of the American Physical Society, Volume 33, No. 10,
November 1988, p. 2211.

Long, S. A. T.; Witte, W. G., Jr.; Teichman, L. A.; Rustgi, M. L.; and Pandey, L. N.:
Preliminary Study to Predict Optical Properties of Space Station Coating.
Presented at the American Physical Society 1988 Annual Meeting of the
Southeastern Section, November 10-12, 1988, Raleigh, North Carolina.
Abstract published in Bulletin of the American Physical Society, Volume 33,
No. 10, November 1988, p. 2208.

Ohlhorst, C. W.; Barrett, D. M.; Maahs, H. G.; and Vaughn, W. L.. Performance
Evaluations of Oxidation-Protected Carbon-Carbon Composites. Presented
at the Fifth National Aero-Space Plane Technology Symposium, October 17-
21, 1988, Hampton, Virginia. In NASP CP-5031, Volume IV, p. 247-268.
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200. Ohlhorst, C. W.; Sawyer, J. W.; and Yamaki, Y. R.: Investigation of Test Methods
for Measuring Compressive Strength and Modulus of Two-Dimensional
Carbon-Carbon Composites. Presented at the American Society for
Composites Symposium on High Temperature Composites, June 13-15,
1989, Dayton, Ohio. In Proceedings, p. 233-242.

201. Ransone, P. O.: Effect of Surface Machining on Mechanical Properties of Thin
3-D Orthogonal Carbon-Carbon Composites. Presented at the Unitzd
States Advanced Ceramics Society 13th Annual Conference on Composite
Materials and Structures, January 18-20, 1989, Cocoa Beach, Florida. In
NASA CP-3054, p. 299-314.

202. Yamaki, Y. R.; and Maahs, H. G.: Influence of Fiber Surface Treatment on the
Mechanical Properties of Carbon-Carbon Composites. Presented at the
United States Advanced Ceramics Society 13th Annual Conference on
Composite Materials and Structures, January 18-20, 1989, Cocoa Beach, -
Florida. In NASA CP-3054, p. 367-388.

203. Yancey, R. N.; Pindera, M-J.; Slemp, W. S.; and Funk, J. G.: Radiation and
Thermal Effects on the Time-Dependent Response of T300/934
Graphite/Epoxy. Presented at the Society for the Advancement of Materials
and Process Engineering 34th International SAMPE Symposium and
Exhibition, May 8-11, 1989, Reno, Nevada. In Science of Advanced Material
and Process Engineering Series, Volume 34, Book 1, p. 1175-1189.

Technical Talks

204. Baker, D. J.: Mechanical Property Characterization and Impact Resistance of
Graphite/PEEK Composites. Presented at the American Helicopter Society
National Technical Specialists' Meeting on Advanced Rotorcraft Structures,
October 25-27, 1988, Williamsburg, Virginia.

205. Slemp, W. S.; and Tompkins, S. S.: Effects of Charged Particles and
Electromagnetic Radiation on Structural Materials and Coatings. Presented
at the NASA In-Space Technology Experiments Workshop, December 6-9,
1988, Atlanta, Georgia.

206. Vaughn, W. L.; and Maahs, H. G.: Active/Passive Transition in the Oxidation of
Silicon Carbide and Silicon Nitride in Air. Presented at the American

Ceramic Society 91st Annual Meeting and Exposition, April 23-27, 1989,
Indianapolis, Indiana.

Tech Brief

207. Bowles, D. E.: FECAP - Finite Element Composite Analysis Program (FECAP)
for a Microcomputer. NASA Tech Brief LAR-14109.
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208. Dow, M. B.: The ACEE Program and Basic Research on Composites. NASA
Tech Brief LAR-14028.

209. Farley, G. L.: Angle-Ply Weaving. NASA Tech Brief LAR-14048.
210. Farley, G. L.: Farley 3-D Braiding Machine. NASA Tech Brief LAR-13911.

211. Farley, G. L.: Integrated Process for Insertion and Beatup of Fill Yarns. NASA
Tech Brief LAR-14046.

212. Farley, G. L.: More About the Farley Three-Dimensional Braider. NASA Tech
Brief LAR-14047.

213. Farley, G. L.: The Effects of Crushing Speed on the Energy-Absorbing
Capability of Composite Material. NASA Tech Brief LAR-14087.

Metallic Materials Branch
Contractor Reports

214. Gaspar, T. A.; Bruce, T. J., Jr.; Hackman, L. E.; Brasmer, S. E.; Dantzig, J. A.; and

Baeslack, W. A., lll: Rapidly Solidified Titanium Alloys by Melt Overflow.

~ (NAS1-18288 Ribbon Technology Corporation.) NASA CR-4253,
September 1989, 100 p.

215. Hardesty, R.; Jensen, M.; and Grant, L.: High Temperature Be Panel
Development. (NAS1-18613 Electrofusion Corporation.) NASA CR-
181777, May 1989, 19 p.

216. Mahoney, M. W.; and Ghosh, A. K.: Solid State Joining of Aluminum Alloys for
SPF-DB Application. (NAS1-17994 Rockwell International.) NASA CR-
181714, December 1988, 76 p.

217. Ting, E. Y.; and Kennedy, J. R.: Superplastic Forming and Diffusion Bonding of
Rapidly Solidified Dispersion Strengthened Aluminum Alloys for Elevated
Temperature Structural Applications. (NAS1-18533 Grumman Aerospace
Corporation.) NASA CR-181849, September 1989, 154 p.

Journal Articles and Other Publications

218. Singleton, O. R.; and Royster, D. M.: Laboratory Produced PM Aluminum 2XXX
+ Zr Sheet. Journal of Metals, Volume 40, November 1988, p. 40-43.
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Meeting Presentations

219.

220.

221.

222.

223.

224.

225.

Blackburn, L. B. B.; and Starke, E. A, Jr.. Effect of Indium Additions on
Microstructure-Mechanical Property Relationships for an Al-Cu-Li Alloy.
Presented at the Fifth International Aluminum-Lithium Conference, March 28-
31, 1989, Williamsburg, Virginia. In Proceedings, p. 751-766.

Blackburn, L. B. B.; and Starke, E. A., Jr.: Microstructure-Mechanical Pronzrty
Relationships for Al-Cu-Li-Zr Alloys With Minor Additions of Cadmium,
Indium, or Tin. Presented at the 1989 American Institute of Mining,
Metallurgical and Petroleum Engineers (AIME) Annual Meeting, February 27
- March 3, 1989, Las Vegas, Nevada. In Lightweight Alloys for Aerospace
Applications, E. W. Lee, E. H. Chia, N. J. Kim, eds., p. 209-219.

Hoffman, E. K.: Bales, T. T.; Bird, R. K.; and Wiant, H. R.: Fabrication and
Evaluation of Enhanced Diffusion Bonded TizAl Honeycomb Core Sandwich
Panels. Presented at the 1989 American Institute of Mining, Metallurgical
and Petroleum Engineers (AIME) Annual Meeting, February 27 - March 3,
1989, Las Vegas, Nevada.

Graves, J. A.; Dicus, D. L.; and Ghosh, A. K.: Direct P/M Consolidation of
Titanium Aluminide Matrix Composites. Presented at the United States
Advanced Ceramics Society 13th Annual Conference on Composite
Materials and Structures, January 18-20, 1989, Cocoa Beach, Florida. In
NASA CP-3054, p. 535-544.

Hoffman, E. K.; Bird, R. K.; and Bales, T. T.: Fabrication and Evaluation of
Enhanced Diffusion Bonded Titanium Honeycomb Core Sandwich Panels
With Titanium Aluminide Face Sheets. Presented at the 1989 American
Institute of Mining, Metallurgical, and Petroleum Engineers (AIME) Annual
Meeting, February 27 - March 3, 1989, Las Vegas, Nevada. Published in
Light-Weight Alloys for Aerospace Applications, E. W. Lee, E. H. Chia, and
N. J. Kim, eds., p. 481-494,

Sarkar, B.; and Lisagor, W. B.: Fracture Toughness and Fatigue Crack Growth
Characteristics of Two Powder Metallurgy Al-Cu-Mg-Zr Alloys. Presented at
the 1989 American Institute of Mining, Metallurgical and Petroleum

. Engineers (AIME) Annual Meeting, February 27 - March 3, 1989, Las Vegas,
Nevada. Proceedings pending.

Wagner, J. A.: Age Hardening Characteristics and Mechanical Behavior of
Al-Cu-Li-Zr-In Alloys. Presented at the 1989 American Institute of Mining,
Metallurgical and Petroleum Engineers (AIME) Annual Meeting, February 27
- March 3, 1989, Las Vegas, Nevada. Published in Light-Weight Alloys for
Aerospace Applications, E. W. Lee, E. H. Chia, and N. J. Kim, eds., p. 221-
233.
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Technical Talks

226. Anton, C. E.; and Wagner, J. A.: 3104 Superplastic Forming (SPF) of High

227.

228.

229.

230.

231.

232.

233.

234.

235.

Strength Aluminum Cryotanks. Presented at the ALS/ADP Structures,
Materials and Manufacturing Advanced Development Program Technical
Area Meeting, August 9-10, 1989, Seattle, Washington.

Bales, T. T.: Advanced Launch System (ALS) Structures, Materials and
Manufacturing Area Summary. Presented at the Advanced Launch System/
Advanced Development Program Review, June 20, 1989, Huntsville,
Alabama.

Blackburn, L. B.: Effects of Minor Alloying Additions on Al-Li Alloys. Presented
at the Department of the Navy Advanced Aluminum Alloys for Naval Aircraft
Symposium, October 25-27, 1988, Warmister, Pennsylvania.

Brewer, W. D.: Advanced Metal Matrix Composites. Presented at the NASP
Technology Maturation Program Technology Review, July 18-19, 1989,
Dayton, Ohio.

Clark, R. K.: Review of Temperature Control Coatings, WBS Task 4.2.05.
Presented at the NASP Structures and Materials Augmentation Program
Review, August 15-17, 1989, El Segundo, California.

Clark, R. K.; and Wiedemann, K. E.: Materials for Hypersonic Applications -
Environmental Effects in Coatings. Presented at the Materials Research
Society 1989 Spring Meeting on Space Compatible Materials and
Processing, April 24-28, 1989, San Diego, California.

Dicus, D. L.: Directions for Advanced Fiber Development. Presented at the
NASA Fiber Initiative Meeting, February 23, 1989, Washington, D. C.

Dicus, D. L.: Status Report on Processing and Joining of TixAL MMC.
Presented at the NASP Consortium Review of Technology Maturation
Titanium Aluminide Composite Programs and High Temperature Fiber
Development Programs, September 26-27, 1989, Thousand Oaks,
California.

Dicus, D. L.: Titanium Aluminide Composites. Presented at the NASP
Technology Maturation Program Team Meeting, July 18-19, 1989, Dayton,
Ohio.

Lisagor, W. B.: Light Alloy and Metal Matrix Composite Materials for Aerospace

Vehicle Structures. Presented at the Washington Chapter of ASM
International Meeting, February 2, 1989, Washington, D. C.
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236.

237.

238.

239.

Royster, D. M.: Materials/Manufacturing Development of Weldalite. Presented
at the ALS/ADP Structures, Materials and Manufacturing Advanced
Development Program Technical Area Meeting, August 9-10, 1989, Seattle,
Washington.

Wagner, J. A.: 3104 Superplastic Forming (SPF) of High Strength Aluminum Al-
Li Alloys for ALS. Presented at the ALS Structures, Materials and
Manufacturing Advanced Development Program Review, March 21-C3,
1989, Williamsburg, Virginia.

Wagner, J. A.: 3104 Superplastic Forming (SPF) of High Strength Aluminum
Cryotanks. Presented at the ALS/Advanced Development Program Review,
June 20-23, 1989, Huntsville, Alabama.

Wagner, J. A.: 3104 Superplastic Forming (SPF) of High Strength Aluminum
Cryotanks. Presented at the ALS/ADP Structures, Materials and
Manufacturing Advanced Development Program Technical Area Meeting,
August 9-10, 1989, Seattle, Washington. \

Patents

240.

Blackburn, L. B. B.; and Starke, E. A., Jr.. Aluminum Alloy. U. S. Patent
4,820,488. Issued April 11, 1989.

Special Documents

241.

242.
243.

244,

Clark, R. K.; Wallace, T. A.; Mullaly, J. R.; and Wiedemann, K. E.: NASP TM-
1065, June 1989.

Graves, J. A.; and Bampton, C. C.: NASA CR-1051, June 1989.
Krutenat, R. C.: NASP CR-1052, June 1989.

Wiedemann, K. E.; Clark, R. K.; and Sankaran, S. N.. NASP CR-1050, June
1989.
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FY 90 PLANS
Polymeric Materials Branch

Major research thrusts for FY 90 in the Polymeric Materials Branch are in the areas
of resin-matrix composite studies, high performance polymers and space durable
polymers. The research will be conducted under the following three RTR's.

RTR 505-63-01-01 Resin Matrix Composite Development

Objective:
Develop technology leading to durable, damage tolerant, cost-effective, high
performance composites for advanced aerospace structural applications.

Approach:
Scaleup synthesis of promising new polymers and polymer blends and
evaluate as composite matrices. Develop and optimize prepreg preparation
and composite fabrication. Perform work to develop lower cost prepregging
and composite fabrication processes. Test composites under a variety of
conditions. '

Milestones:
» Correlate damage tolerance of small composite panels with that obtained on
standard panels - December 1989.

» 25000 hour aging at 400°F on LARC-TPI, LARC-160 and PMR-15 composites
completed - December 1989.

» Determine damage tolerance of composites from one in-house developed
high temperature polymer - February 1990.

+ Fabricate LARC-TPI tubes using ceramic/high temperature rubber technique -
March 1990.

» Scaleup synthesis of one promising new polymer and evaluate in composites
- March 1990.

+ Optimize parameters on powder impregnation process to make graphite
towpreg - May 1990.

« Demonstrate feasibility of preparing uniform thin gage graphite towpreg via
powder impregnation - August 1990.

« Clemson University grant will establish method for continuous fusion of
polymer powder on carbon tow - September 1990.
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RTR 506-43-11-01 High Performance Polymers

Objective:
Develop basic technology leading to high performance and high temperature
organic polymers for use as adhesives, composite matrices and films in
aerospace applications.

Approach:
Prepare new, high strength, thermally stable, processable polymers and
polymer blends (imide, quinoxaline, imidazole, arylene ether ketone, and
acetylene containing polymers) and evaluate them as high temperature
adhesives, composite matrices and films. Develop fundamental chemical
structure/property relationship.

Milestones:

Improve compression moldability of a semi-crystalline Pi through optimization
of molecular weight and end-capping - December 1989.

Prepare and evaluate several novel heterocyclic containing arylene ether
polymers - February 1990.

Prepare new compositions of blends of acetylene containing materials for
adhesive and composite evaluation - March 1990.

Conduct basic synthetic studies on a novel A-B monomer for polyimide
formation - April 1990.

Determine mixing (scrambling) of polyamic acid mixtures - May 1990.

Complete evaluation of new series of polyimides derived from diamines
containing the trifluoromethyl group - July 1990.

Complete study on imide/arylene ether block copolymers and evaluate as
adhesives and composite matrices - August 1990.

Prepare and evaluate new systems from acetylene terminated compounds
and bismaleimides - September 1990.

RTR 506-43-21-05 Space Durable Polymers

Objective:
Develop space-stable, processable, durable composites, adhesives, coatings
and films.
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Approach:
Prepare new polymers and polymer blends with the chemical structures that
impart electron, proton and ultraviolet radiation stability and/or low color.
Evaluate these polymers in the form of adhesives, films and coatings in a
simulated space environment and monitor their stability through appropriate
analytical techniques.

Milestones:
» Novel polyimides containing pendant siloxane segments will be prepared
and evaluated in a space environment - December 1989.

» Polyimides containing trifluoromethyl groups will be prepared and evaluated
for radiation stability - March 1990.

« Initiate study to determine relationship between polymer chemical structure
and stability in a space environment - June 1990.

* Novel siloxane thermosets will be evaluated as space stable coatings and
composite matrices - August 1990.

Mechanics of Materials Branch

Research in the Mechanics of Materials Branch will focus on mechanics of
damage in laminates and 3-D forms, micromechanics, characterization of the
thermomechanical behavior of metal-matrix composites, damage tolerance of light
alloys, and computational fracture mechanics. The research will be carried out under
the following two RTR's.

RTR 505-63-01-05 Mechanics of Materials Research in Laminated
Composites and Metals

Objectives:

Develop the methodology to predict the initiation and growth of critical levels of
damage in laminated composites under general mechanical loading conditions.
Develop the experimental data base and methodologies to predict the initiation
and growth of cracks in metals under constant amplitude and spectrum loading
for expected operational conditions. Predict the fatigue and fracture behavior
of composites from the fiber, resin, and interface constituent behavior by the
application of micromechanics models.

Approach:

* The evolution of damage under general loading conditions will be
experimentally observed and documented. The experimental results will be
interpreted through appropriate analyses based on mechanics principles.
The correlation of the experimental and analytical results will give rise to the
development of analytical methods and failure criteria necessary to predict
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the strength and life of composite structures. Failure methodology will be
verified by predicting the behavior of tapered laminates subjected to
combined loads typical of those experienced in composite rotor hub flexure.

+ Experimentally evaluate the fatigue and fracture performance of promising
new alloys relative to established alloys and evaluate the adequacy of current
methods to predict the life of new alloys under expected spectrum loading
and temperature conditions. Broaden the applicability of current "ie-
prediction methods by developing methods to describe mixed-mode crack-
growth behavior and by developing a three-dimensional model of closure
incorporating both plasticity- and roughness-induced closure behavior.
Develop the fracture mechanics methodology and generate solutions to
cracked-body boundary value problems consistent with the applied loads and
service environment for launch vehicles and supersonic transport vehicles.
Establish correlations between observed performance and metallurgical
features which might be used to guide development of alloys with improved
performance.

+ Conduct tests to identify microdamage onset and growth and to determine
inelastic constitutive relationships that account for multiaxial stress states and
microdamage. Then use the constitutive relationships in composite stress
analyses to compute stresses, strains, and fracture mechanics parameters
corresponding to observed composite failures. Establish constituent failure
criteria by comparing the observed microfailures with computed stress
analysis results. Finally, develop models to relate composite failures to the
corresponding fiber, matrix, and interface constituent failures.

Milestones:
+ Complete elastic and elastic-plastic analyses of surface cracks in welded
aluminum plates under tension and bending loads and compare with
experimental displacement measurements - June 1990.

+ Extend the plasticity induced crack-closure model to include first order time
and temperature dependent effects and load interaction under cyclic loading -
September 1990.

« Develop strain energy release rate expressions for delaminations growing
from matrix cracks and discontinuities in laminated composites to support the
implementation of a progressive failure model for strength and life predictions
- September 1990.

+ Conduct an experimental and analytical investigation of the effects of in-plane

loads on the development of damage during a foreign object impact -
September 1990.
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RTR 506-43-71-03 Mechanics of Damage in Metal Matrix Composites

Obijectives:
Develop the methodology necessary to predict the fatigue, fracture, and
mechanical behavior of MMC's required to insure structural integrity at elevated
temperatures in support of hypersonic vehicles.

Approach:

The mechanical behavior of MMC's and the development of damage
mechanisms under thermal and mechanical loadings will be experimentally
observed and documented. Material models and mechanics analyses will be
developed to explain the observed material behavior. These analyses will
include the effects of plasticity, viscoelasticity, and thermal stresses. The
correlation of the experimental and analytical results will give rise to the
development of analytical methods and failure criteria necessary to predict the
strength and life of laminated composite structures.

Milestones:
+ Establish relationship between the microstructure of discontinuous MMC's
and the global mechanical properties using micromechanics - March 1990.

+ Conduct thermomechanical fatigue tests on the SiC/Ti MMC to quantify the
potential benefits in life achieved by coating the SiC fibers with TiB2 -
September 1990.

Applied Materials Branch

Research emphasis in the Applied Materials Branch for FY 90 will be in the
areas of space materials, carbon-carbon composites, and composite materials for
aircraft and rotorcraft structures. This research will be carried out under the following
five RTR's.

RTR 505-63-01-06 Advanced Composite Materials and Processes

Objectives:
To develop and demonstrate the potential of innovative damage tolerant
composite materials and affordable processes for applications to aircraft
structures.

Approach:
In-house, contractual, and grant studies will be conducted to develop damage-
tolerant materials and processing science concepts for composite aircraft
structural applications. Composite materials that incorporate toughened resins
and high strength/strain fibers will be evaluated for improved damage
tolerance. New net-shaped material forms that are fabricated with automated
textile processes such as 2-D and 3-D weaving, stitching/knitting and braiding
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will also be evaluated. The focus will be on improved damage tolerance and
affordable RTM techniques. Process models to predict resin infiltration through
textile preforms will be developed. Sensors will be used to aid in processing
and validating predicted infiltration. Analytical models to predict the mechanical
response and damage tolerance of textile composite materials will be
developed and verified. Long-term durability of composites in service and
repaired composite components will be established.

Milestones:
» Conduct mechanical property and damage tolerance tests on knitted/stitched
material - December 1989.

» Complete 8.5 year flight service evaluation of composite components on S-76
and publish final report - December 1989.

» Complete 15-year and final residual strength tests on B-737 graphite/epoxy
spoilers - December 1989.

» Conduct 1/4 lifetime spectrum fatigue on repaired graphite/epoxy components
after 6 years of outdoor exposure at NASA Langley - December 1989.

* Conduct shear tests of RTM processed hat-stiffened and T-stiffened
graphite/epoxy panels - March 1990.

+ Complete testing of composite components after 7 years of flight service on
Bell 206L helicopters - June 1990.

» Complete study on use of dielectric monitor for on-line feedback for curing of
RTM composites - June 1990.

+ Complete RTM and initiate testing of woven panels with through-the-thickness
fiber reinforcements - June 1990.

» Evaluate the mechanical properties and damage tolerance of new toughened
matrix composite materials - June 1990.

» Evaluate the effect of cyclic loading on impact damaged composite material -
June 1990.

» Complete verification of RTM process model for optimizing RTM processing
conditions - September 1990.

» Evaluate the software requirements for integration of the dielectric monitor
and RTM process model for automated control of RTM composites -
September 1990.
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RTR

Conduct material characterization tests on filament wound
graphite/thermoplastic materials - September 1990.

Complete evaluation to determine the effect of fill yarn compliance on
compression strength of uni-woven RTM panels - September 1990.

Conduct analytical trade studies to evaluate reinforcing concepts for improved
impact-resistant designs - September 1990.

506-43-21-04 - Composite Materials for Spacecraft Applications

Obijectives:
Develop the technology base for high performance, environmentally and
dimensionally stable composite tubes, reflector panels, adhesives, and
coatings for use in spacecraft structures.

Approach:

Exploit advances in fiber and matrix material technology to develop new high
performance composite materials. Develop and evaluate adhesives for tube
end-fitting joints and sandwich construction reflector panels. Develop and
evaluate polymeric films for space structural applications. Develop facilities for
combined space environmental exposures. Evaluate materials performance in
simulated long-term Earth orbiting environments. Develop analytical models to
guide development of new materials and predict mechanical and thermal
response. Verify models and ground simulations with available flight data.

Milestones:

Determine the shear properties of P75/930 composites as a function of total
electron radiation dose - December 1989.

Initiate study on effects of electron radiation and atomic oxygen on LaRC-TPI
resin - March 1990.

Determine effects of Gr fiber modulus on microdamage/thermal expansion
during thermal cycling - June 1990.

Determine feasibility of incorporating organometallic and organosilicon
compounds into polymers for increased atomic oxygen resistance - June
1990.

Determine atomic oxygen, UV, and electron radiation stability of transparent
polymeric films - June 1990.

Determine the effects of long-term thermal cycling combined with electron
radiation on composite tubes - September 1990.
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» Develop techniques for cure-optimization of adhesives using dielectric
properties - September 1990.

+ Complete study on effects of electron radiation and thermal cycling on
composite joints bonded with epoxy adhesives - September 1990.

 Fabricate (in-house) and evaluate the thermal cycling stability of a ultra-high
modulus (50 Msi) composite tube - September 1990.

« Complete initial evaluation of MD LDEF specimens - September 1990.

RTR 506-43-71-02 Carbon-Carbon Composites for Generic Hypersonics

Objectives:
Develop high strength, minimum gauge, oxidation-protected carbon-carbon
materials for hot structural applications on hypersonic vehicles.

Approach:

Advanced processing methods, fiber surface modifications, and alternate
reinforcement concepts will be developed to improve substrate mechanical
properties and the compatibility of substrates with oxidation-resistant coatings.
The potential benefits of alternate matrix precursor materials and advanced
fibers will also be explored. Matrix and fiber oxidation inhibitors, sealants, and
advanced coatings will be developed to improve oxidation resistance.
Environmental testing will be performed in simulated mission dynamic
environments and in multiparameter (temperature, pressure, load) facilities.

Milestones:
» Potential assessed for conversion coating 3-D orthogonal carbon-carbon
composites with both machined (smoothed) and unmachined surfaces -
March 1990.

» Potential assessed for improving conversion coatability of 2-D carbon-carbon
by using small-diameter-tow reinforcement - June 1990.

» Conduct feasibility studies of sol-gel-prepared overcoats on conversion
coated C-C substrates - June 1990.

» Molding parameters for phenolic-based carbon-carbon composites defined
for improved interlaminar properties - September 1990.
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RTR 585-02-21-01 Advanced Materials for PSR

Objectives:
Develop advanced composite materials and coatings that are durable and have
stable thermal and mechanical properties in the space service environment of
precision segmented reflector spacecraft.

Approach:

New, novel polymer resins will be developed and used to fabricate composites.
These composites and existing alternate composite materials will be developed
and used to fabricate honeycomb panels. Alternate composite fabrication
methods that result in lower residual stresses will be investigated. Material
constitutive equations and analytical models will be developed to
correlate/predict environmental effects on thermal and mechanical properties of
the advanced composites. These models will aid in directing the materials
development activities. The surface distortion of composite laminates/panels
before and after thermal cycling will be measured and modeled.

Milestones:
« Parametric study of effects of constituent properties on composite/honeycomb
panel response complete - December 1989.

» Upgrade IR interferometer dilatometer to measure 10" panels - March 1990.

» Fabricate parabolic PSR panel with alternate composite material facesheets -
March 1990.

+ Viscoelastic analysis of honeycomb panels thermal response complete - June
1990.

* Determine properties of low temperature cured T300/934 - June 1990.
RTR 763-01-41-17 Oxidation-Resistant C-C Composites for NASP

Objectives:
Develop oxidatively protected carbon-carbon material concepts to meet
airframe requirements in support of National Aero-Space Plane.

Approach:
Evaluate in simulated NASP mission environments various promising oxidation-
protection systems which were developed for propulsion applications. Build on
these results, tailoring a new oxidation-protection system (in-depth oxidation
protection, sealants, coatings) to meet specific NASP mission requirements.
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Milestones:
» Continue conducting mechanical property and mission simulation
performance testing on Rohr and BFG candidate materials - Continuing.

+ Initiate arc jet tests of Rohr and BFG candidate materials - December 1989.

» Conclude LTV field-sealant development contract, take delivery of sealants
and test specimens, and initiate in-house evaluations - December 1989.

+ Award multiple contracts for improving adherence of coatings on carbon-
carbon composites in NASP environments - March 1990.

» Take delivery of HITCO candidate oxidation-resistant carbon-carbon (ORCC)
material and initiate performance evaluations in multiparameter facility and
arc jets - March 1990.

* Initiate mission simulation tests on ORCC composites in support of NASP
MASAP Consortium Team on Refractory Composites - June 1990.

+ Complete installation of improved computer control system for multiparameter
facility - September 1990.

Metallic Materials Branch

Research in the Metallic Materials Branch for FY 90 will focus on advanced
light alloy and metal-matrix composites development, innovative metals processing,
and high temperature, thin gage metals and metal-matrix composites for airframe
applications. This research will be carried out under the following five RTR's.

RTR 505-63-01-02 Advanced Structural Metallics for Service to 1000°F

Objectives:

To develop a fundamental understanding of the metallurgical
structure/mechanical property interactions resulting from powder processing,
consolidation, and subsequent thermomechanical processing of intermediate
and high temperature aluminum alloys prepared by advanced ingot and
powder metallurgy techniques. To demonstrate the property and durability
advantages of advanced aluminum alloys for aerospace structures. To develop
advanced inorganic composite materials for aerospace structural applications.

Approach:
Prepare new aluminum alloy compositions of laboratory quantities by advanced

I/M and P/M techniques. Develop and evaluate promising in-situ composite
materials systems with light alloy metallic matrices and correlate
microstructural/mechanical property relationships. Identify metallurgical

42



characteristics controlling specific properties through laboratory analysis and
development of optimized processing techniques to obtain tailored properties.

Milestones:
i» Develop environmental degradation laboratory capabilities to support salt
spray testing and alternating service atmosphere exposure - October 1989.

- Evaluate the electrochemical response and stress corrosion craciing
resistance of weldalite - December 1989.

» Determine consolidation and fabrication practices for Mn, Ca, Si containing,
low density, high-temperature aluminum alloys produced from powder
atomized at the LaRC gas atomization facility - January 1990.

+ Complete system design study for a reusable space launch booster for the
advanced launch system program - March 1990.

« Complete mechanical property evaluation of improved mechanically alloyed
material AI905XL - March 1990.

+ Complete initial evaluation of high-temperature aluminum alloy candidate
materials for advanced launch systems - May 1990.

» Determine environmental factors which contribute to accelerated corrosion
fatigue of 2024-T3 - June 1990.

- Determine the effect of thermal exposures associated with welding and
forming on microstructure and properties of dispersion strengthened
aluminum alloys - August 1990.

« Determine the effects of various Cu-Li ratios on the microstructure and
mechanical properties of Al-Cu-Li-In-Zr aluminum alloy variants heat-treated
to the T6 condition - September 1990.

RTR 505-63-01-03 Innovative Metals Processing

Objectives:
Develop improved aluminum alloys and innovative processing methods for
fabricating lightweight aerospace structural components. Develop advanced
forming and joining techniques for lightweight Al-Li and high temperature
aluminum alloys and evacuated titanium honeycomb-core sandwich concepts.

Approach:
Combined in-house, contractual, and university efforts to define the potential of
advanced aluminum alloys for aerospace structural applications. Demonstrate
weldability, enhanced post-SPF properties and evaluate the cryogenic

43



behavior of superplastic Al-Li alloys of modified compositions. Assess the
potential of high temperature aluminum alloys and develop improved brazing
and joining processes for fabricating structural subelements. Characterize
material properties and design, fabricate, and test structural elements.

Milestones:
* Establish resistance spot welding parameters for Al-Li alloy 2090 and 8090 -

November 1989. :
* Determine SPF characteristics of weldalite - March 1990.

* Superplastically form 2090 + In isogrid stiffeners for cryogenic tank - May
1990.

+ Complete testing of SPF 7475 and 8090 Al hat stiffened crippling panels for
cryogenic applications - November 1990.

* Fabricate and test SPF column buckling panels - November 1990.

* Design of full thickness cryogenic tank compression panels having panel
joints - December 1990.

RTR 505-80-31-02 Advanced Metal Matrix Composites

Objectives:
Develop specific, high temperature metal matrix composites and associated
fabrication technology for NASP applications.

Approach:
Establish surface treatments/coatings for selected fiber/matrix stability.
Fabricate and test composite laminates to establish performance limits. Define
scale-up requirements for large panel manufacture.

Milestones:
+ Publish report on Task I results - November 1989.

 Fabricate multi-layer, cross-ply laminates - October 1990.
RTR 506-43-71-01 High Temperature Metallics for Generic Hypersonics
Objectives:

Develop new high temperature materials and associated processing and

joining techniques for use up to 2000°F including alloys, light alloy
intermetallics, compatible reinforcing phases and metal matrix composites.
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Approach:
Combined in-house and contract research to develop and characterize
advanced metallic systems produced by deposition techniques, rapid
solidification rate technology and conventional processing. Establish joining
practice for very thin gage, lightly loaded structures. Develop compatible
fibers/coatings for stable, high temperature metal composites.

Milestones:
» Evaluate thin gage TixAl and Be substrates produced by PVD - December

1989.

» Demonstrate use of EDB processing to fabricate high quality IM Tiz Al/Ti-15-3
honeycomb sandwich panels - February 1990.

* Initiate program to develop new fibers/compliant layer coatings for specific
composite systems - March 1990.

* Determine compatibility of new high temperature and oxidation resistant
titanium alloys with state-of-the-art reinforcements - May 1990.

+ Demonstrate feasibility of PVD techniques to fabricate thin reinforced
intermetallics - September 1990.

RTR 763-01-41-11 TixAL Composites for NASP

Objectives:
Develop advanced joining processes for fabricating TixAl metal-matrix
composite (MMC)/honeycomb core sandwich structure, assess direct powder
metallurgy consolidation of TixAl MMC, and develop an analytical model for
prediction of composite fatigue behavior.

Approach:

Conduct studies using available titanium based materials to develop joining
processes suitable for fabricating TixAl MMC/honeycomb core sandwich
structure. Assess candidate processes including enhanced diffusion bonding
(EDB) based on metallurgical studies and mechanical property tests. Evaluate
alternate EDB material compositions and process parameters to improve
elevated temperature properties of joints between facesheets and core.
Fabricate, test and evaluate small sandwich specimens and structural sub-
elements using TixAl MMC's as they become available. Develop direct powder
metallurgy(PM) consolidation process for manufacture of SiC/TixAl MMC using
blended matrix powders and engineered fiber/matrix interface. Evaluate
feasibility of this process using microstructural evaluation, mechanical testing
and fracture analysis of consolidated laminates.
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Milestones:
+ Complete flatwise tension and edgewise compression tests of EDB IM
Ti3Al/Ti-3-2.5 H/C sandwich specimens at room and elevated temperatures -

December 1989.

* Modify micromechanics model of continuous fiber reinforced MMC to include
thermoviscoplasticity analysis - January 1990.

» Demonstrate feasibility of direct PM consolidation of SiC fiber reinforced TixAl
matrix composites using blended powders and engineered fiber/matrix
interfaces - March 1990.

+ Evaluate thermo-mechanical fatigue behavior of SCS-6/Ti-15-3 MMC - April
1990.

+ Evaluate EDB IM Ti3Al/Ti-15-3 H/C sandwich panels - April 1990.
Concluding Remarks

This document presents the FY 89 accomplishments, presentations and
publications, and the FY 90 research plans of the Materials Division.
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Laminate With Postbuckled Delaminated Region

Closeup of cross—section
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Theta, deg

Figure 20(b).
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SUPERPLASTICALLY FORMED CURVED CAP

BEADED WEB STIFFENER

7475 Aluminum Alloy

Figure 37(b)
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